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Introduction: Despite advances in surgery, anaesthesia, and critical care, mortality from ruptured abdominal aortic
aneurysms (AAAs) has not decreased over the last 20 years. Endovascular aneurysm repair (EVAR) of ruptured AAAs is
an alternative to open repair, which may improve outcome. However, a computed tomography (CT) scan is usually
required to assess the anatomic suitability of the aneurysm for EVAR. This may result in delay in transferring patients to
the operating room. We evaluated all patients admitted to hospital with a ruptured AAA who died without undergoing
surgery, to determine time to death after AAA rupture and thus the potential time available for obtaining a CT scan.
Methods: A retrospective case note review was conducted of 56 patients admitted to a single center with ruptured AAAs
who did not undergo surgery because of advanced age or associated comorbidity over 8 years from 1995 to 2003.
Statistical analysis was performed with the Fisher exact test.
Results: The 56 patients (33 men, 59%; 23 women, 41%) had a median age of 85 years (range, 71-98 years). Reasons for
no operation being performed were shock (9%), cardiac arrest (11%), quality of life (29%), malignancy (7%), cardiac
disease (15%), respiratory disease (16%) and age (14%). Median systolic blood pressure at admission was 110 mm Hg,
heart rate was 88 beats per minute, and hemoglobin concentration was 10.5 g/dL. Patients were not aggressively
resuscitated once a decision was made to not perform surgery. Death within 2 hours of hospital admission occurred in 7
(12.5%) patients, and 49 (87.5%) patients died more than 2 hours after admission. Median interval between onset of
symptoms and admission to hospital was 2 hours 30 minutes (range, 44 minutes–36 hours), and the median interval
between admission and death was 10 hours 45 minutes (range, 1 hour 1 minute–143 hours 55 minutes). The median total
time to death from onset of symptoms was 16 hours 38 minutes (range, 2 hours 6 minutes–146 hours 50 minutes).
Conclusion: Most (87.5%) patients admitted to hospital with a ruptured AAA died after more than 2 hours. These data
show that most patients with a ruptured AAA who reach the hospital alive are sufficiently stable to undergo CT and
consideration of EVAR. (J Vasc Surg 2004;39:788-91.)Ruptured abdominal aortic aneurysms (AAAs) account
for approximately 7500 deaths annually in the United
Kingdom.1 The number of deaths from ruptured AAA has
increased steadily over the last 20 years.2 The overall mor-
tality from ruptured AAA is 75% to 80%; approximately 50%
of patients with a ruptured AAA reach the hospital alive,
and of those who undergo surgery the operative mortality is
in the region of 40% to 50%.3-6 Despite advances in surgery,
anesthesia, and critical care, mortality after repair of rup-
tured AAA has not decreased significantly over the last two
decades.6,7 Several centers have recently reported their
early experiences with endovascular repair (EVAR) of rup-
tured AAAs, and this technique may be an attractive alter-
native to open repair and an opportunity for improved
survival.8-12
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tive computed tomography (CT) scan to facilitate EVAR
may lead to unnecessary delay in transferring patients with
ruptured AAAs to the operating room.13 To explore this,
we investigated patients admitted to the hospital with a
ruptured AAA who did not undergo surgery, and in partic-
ular we studied the interval between admission and death to
determine the feasibility of obtaining a preoperative CT
scan.
PATIENTS AND METHODS
A retrospective case note review of patients who died of
ruptured AAA at the Leicester Royal Infirmary without
undergoing surgery was conducted over 8 years, from
January 1995 to May 2003. The Leicester Royal Infirmary
is a 1100-bed teaching hospital that serves a population of
approximately one million. It has the only accident and
emergency department in the county. Most patients in the
region with a ruptured AAA are therefore admitted to the
Leicester Royal Infirmary, as well as patients with ruptured
AAAs transferred from surrounding district general hospi-
tals. A dedicated consultant vascular surgeon is on call at all
times.
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initial management is commenced in the accident and
emergency department before referral to the surgical team
is made. Two spiral CT scanners were introduced in 2000,
enabling high-quality 3-mm section images with three-
dimensional reconstruction to be obtained within a single
breathhold. A protocol is currently in place to facilitate
obtaining a preoperative stent-graft quality CT scan and the
transfer of patients with a suspected ruptured AAA to the
operating room within 25 minutes of the scan being re-
quested. Before 2000, 10-mm single-section images were
obtained, with a scanning time of approximately 40 min-
utes.
Patients were identified from the prospectively col-
lected vascular audit database and review of hospital death
certificate records. The following demographic and clinical
data were collected: patient age and sex, source of referral,
symptoms, method of diagnosis of ruptured AAA, and
history of AAA. Hemodynamic data (heart rate, blood
pressure) were recorded on admission, together with he-
moglobin concentration. The amount of intravenous fluid
and narcotic analgesia administered was recorded. Data at
the following time points were also recorded; time of onset
of symptoms, time an ambulance was called, time of arrival
at the hospital, and time of death. Statistical analysis was
performed with SPSS version 9 (SPSS, Chicago, Ill). Me-
dian values and range are used to describe the data due to
nonparametric distribution. A Kaplan-Meier survival curve
was constructed, and the Fisher exact test was applied.
RESULTS
During the study period, 248 patients were admitted to
Leicester Royal Infirmary with a ruptured AAA. One hun-
dred eighty-four patients (74%) underwent surgery. Sixty-
four patients (26%) were identified as having died of a
ruptured AAA without undergoing surgery. Hospital
records were unavailable for 6 patients, leaving 58 patients
available for the study. Two additional patients were ex-
cluded because they were in cardiac arrest on arrival at the
hospital and could not be resuscitated. Complete hospital
records were available for the remaining 56 patients who
reached the hospital alive. Thirty-three patients (59%) were
men, and 23 patients (41%) were women. The median age
was 85 years (range, 71-98 years).
The source of patient referral is shown in Table I.
Twenty-three patients (41%) were known to have an
AAA after abdominal imaging and had been deemed un-
suitable for elective surgery during a previous outpatient
Table I. Sources of referral of patients with ruptured
abdominal aortic aneurysm
Source of patient referral n %
Accident or emergency 51 91
General practitioner 3 5
Interhospital transfer 1 2
In-hospital referral 1 2visit. Twenty-five patients (45%) underwent CT at admis-
sion, which confirmed aneurysm rupture. Nine of the 25
patients were known to have a preexisting AAA. In the
patients who underwent CT at admission the mean AAA
diameter was 7.6 cm (range, 5-12 cm). In 17 patients (30%)
the diagnosis of ruptured AAA was made on clinical
grounds alone, by an experienced surgeon, in patients not
previously known to have an AAA. Ten of the patients in
this group had hypotension, 9 had a hemoglobin concen-
tration of less than 10 g/dL, and all had a palpable AAA.
The decision to not operate was made by the consultant
vascular surgeon on call, for the reasons shown in Table II.
Although no upper age limit for patients undergoing sur-
gery is in place, all patients in whom surgery was not
performed on the basis of age alone were 90 years or older.
Five patients with systolic blood pressure less than 70 mm
Hg, impaired level of consciousness, and an adverse pre-
morbid condition did not undergo surgery.
Three patients received 500 mL of fluid during ambu-
lance transfer to the hospital. In the first 2 hours after
admission the median amount of intravenous fluid infused
was 500 mL (range, 0-2000 mL). Twenty-eight patients
died sooner than the median time from admission to death;
10 received less than the median amount of fluid adminis-
tered in the first 2 hours after admission, and 18 received an
amount equal to or greater than the median. Twenty-eight
patients died after the median time to death; 13 received
less than the median amount of fluid, and 15 received an
amount equal to or greater than the median. There was no
statistically significant difference in the amount of intrave-
nous fluid administered in the first 2 hours in patients who
died either side of the median time to death (P  .294,
Fisher exact test).
Once a decision to not operate was made, minimal
intravenous fluids were administered. The median rate of
intravenous fluid administration between admission and
death was 1 L over 14 hours. Patients were allowed to eat
and drink as tolerated, and analgesia was administered.
Forty-six patients received opiate analgesia, 26 via infusion
and 20 as required.
The time of admission and of death was available for all
patients. Time of onset of symptoms was available for 40
patients, and ambulance time data were available for 43
patients. The median interval between onset of symptoms
and arrival at the hospital was 2 hours 30 minutes (range,
Table II. Reason for no surgery
Reason for not operating n %
Shock 5 9
Cardiac arrest 6 11
Dementia or poor quality of life 16 29
Systemic malignancy 4 7
Severe congestive cardiac failure 6 11
Severe ischemic heart disease 2 4
Severe chronic obstructive pulmonary disease 9 16
Age 8 14
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ambulance being called and the patient arriving at the
hospital was 43 minutes (range, 25 minutes–1 hour 15
minutes). The median interval between admission and
death was 10 hours 45 minutes (range, 1 hour 1 minute–
143 hours 55 minutes; Figs 1, 2). The median total time to
death from onset of symptoms was 16 hours and 38 min-
utes (range 2 hours 6 minutes to 146 hours 50 minutes).
Seven patients (12.5%) died in the first 2 hours after admis-
sion, and 49 patients (87.5%) died later than 2 hours after
admission. Table III shows the time from admission to
death in combination with symptoms at presentation.
The median systolic blood pressure at admission was
110 mm Hg (range, 40-222 mm Hg). Twenty-three pa-
tients had systolic blood pressure less than 100 mm Hg at
admission, median heart rate at admission was 88 beats per
minute (range, 48-160 beats per minute), and median
hemoglobin concentration was 10.5 g/dL (range, 6.9-15
g/dL). In two patients no hemoglobin data were available.
The median systolic blood pressure in the patients who died
in the first 2 hours was 110 mm Hg, heart rate was 71 beats
per minute, and hemoglobin concentration was 9.0 g/dL.
In the group who died after more than 2 hours, median
Fig 2. Survival curve shows cumulative survival after admission.
Fig 1. Time from admission to death in patients with ruptured
abdominal aortic aneurysms.systolic blood pressure was 110 mm Hg, heart rate was 93
beats per minute, and hemoglobin concentration was 10.7
g/dL. The median time between admission and death in
patients with systolic blood pressure less than 100 mm Hg
was 11 hours 29 minutes, compared with 10 hours 45
minutes in patients with blood pressure 100 mm Hg or
greater at admission.
Two hours after admission the 49 surviving patients
had a median systolic blood pressure of 104 mm Hg (range,
55-170 mm Hg) and diastolic blood pressure of 60 mm Hg
(range, 20-110 mm Hg). Twenty patients had systolic
blood pressure less than 100 mm Hg, and 4 of these had
systolic pressure less than 80 mm Hg.
DISCUSSION
These data demonstrate that most patients admitted to
the hospital with a ruptured AAA survive for a number of
hours. The median time between admission and death was
10 hours 45 minutes, and, of importance, 87.5% of patients
survived longer than 2 hours after admission to the hospi-
tal. It is reassuring that after 2 hours the surviving patients
remained hemodynamically stable, with only four patients
having systolic blood pressure less than 80 mm Hg. In most
centers, 2 hours provides adequate time to obtain a CT
scan, assess the aneurysm anatomy and suitability for
EVAR, and transfer the patient to the operating room.
There have been few previous studies detailing the natural
course of ruptured AAA. Walker et al14 reported a mean
interval of 8 hours between admission and death. Our data
provide further evidence of longevity in this group of
patients.
Immediate intravenous fluid resuscitation in patients
with a ruptured AAA is important. In the presence of
hemorrhage-induced hypotension, the periaortic tissues are
often able to tamponade the bleeding.15 An elevation in
blood pressure, which occurs after rapid intravenous fluid
infusion, can overwhelm the tamponade and restart active
bleeding.15 The patients in this study were not aggressively
resuscitated, and intravenous fluids, when administered,
were infused slowly. This may in part account for the long
survival time after admission to the hospital. There was no
major difference between fluid management in patients
who died shortly after admission and those who died after a
Table III. Symptoms of ruptured abdominal aortic
aneurysm, and time from admission to death
Presenting symptoms n %
Time from
admission to
death
(median)
Abdominal pain 13 23 19 h 25 min
Back pain 2 4 34 h 15 min
Abdominal and back pain 8 14 32 h 37 min
Abdominal pain and collapse 21 38 6 h 30 min
Back pain and collapse 1 2 1 h 55 min
Abdominal and back pain,
and collapse
11 20 17 h 30 min
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to death is due primarily to the site and anatomy of the
rupture.
It is likely that the diagnosis of ruptured AAA was
correct in most of the study patients. Twenty-five patients
underwent CT at admission, confirming aneurysm rupture,
and 14 patients who did not undergo CT at admission were
known to have a preexisting AAA. A potential weakness of
the study is that in 17 patients not previously known to have
an AAA the diagnosis of ruptured AAA was made purely on
clinical grounds.
In the United Kingdom before the inception of EVAR,
CT was not routinely performed in patients admitted to the
hospital with suspected ruptured AAA unless the diagnosis
was in doubt in a stable patient. Patients were generally
transferred straight to the operating room, or a decision
was made to not perform surgery, on the basis of clinical
diagnosis. Since the introduction of EVAR, CT is per-
formed in most patients in our center if the patient is a
candidate for surgery.
The median interval between admission and death in
patients with an AAA confirmed on a CT scan was longer
than in patients in whom the diagnosis of ruptured AAA
was made entirely on clinical grounds (11 hours 16 minutes
vs 5 hours). This suggests that we were not wrongly attrib-
uting protracted time to death as due to ruptured AAA in
the absence of CT scan confirmation.
Since the first account of EVAR of a ruptured AAA in
1994 a number of centers have reported their experience.8-
10,16 Early results are promising, and EVAR may prove a
way to improve the outcome of ruptured AAA. The appli-
cations of EVAR for ruptured AAA are expanding, and
more hemodynamically unstable patients are now being
treated.12,13 The minimally invasive technique avoids the
risks of laparotomy, dissection of the aneurysm neck, and
physiologic insult of aortic clamping, and can even be
performed with the patient under local anaesthesia.8,13 The
systemic physiologic insult is reduced, and circulating cyto-
kines, the mediators of multiple organ failure, are decreased
after EVAR compared with open AAA repair.16-18
Patients with a ruptured AAA who reach the hospital
represent a select group with contained ruptures who hem-
orrhage slowly or have temporarily arrested bleeding. No
doubt, the sooner proximal control of the aneurysm is
achieved the better, and we are not advocating unnecessary
delay. However, our data suggest that many patients with
ruptured AAA who arrive at the hospital survive long
enough to undergo CT to assess the anatomic suitability ofthe aneurysm for EVAR. We propose that this strengthens
the case for attempting EVAR to treat ruptured AAAs.
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